designed such that the resistance gene was inserted 46 base pairs into the coding DNA sequence in the case of lacZ, and directly after the start codon in the cases of malK and tolC. This set of PCRs was performed using Qiagen HotStarTaq Plus Master Mix.
Final primer concentrations were 0.4 µM, and templates were resuspended bacterial colonies bearing the desired resistance gene (the tn903 aphA1 gene for kanamycin resistance, the Sh ble gene for zeocin resistance, and the tn21 aadA1 gene for spectinomycin resistance -each cassette contained promoter and terminator sequences flanking the resistance gene). These PCRs were heat activated at 95 °C for 6:00, and then cycled 30 times using a denaturation step of 94 °C for 0:30, an annealing step of 56 °C for 0:30, and an extension step of 72 °C for 2:30. After a final 5:00 extension step at 72 °C, PCRs were held at 4 °C, then purified via 1% agarose gel extraction using the Qiagen gel extraction kit. DNA samples were quantitated using a NanoDrop™ ND1000 spectrophotometer.
These constructs were used as template for subsequent PCRs to generate dual-biotinylated dsDNA constructs. In each reaction, one primer contained a 5′ dual-biotin tag. The other primer was unmodified, or contained four 5′ phosphorothioate bonds. Phosphorothioate bonds were used in the experiment comparing leading-targeting and lagging-targeting ssDNA, with the rationale that this would increase recombination frequency by mitigating exonuclease degradation. PCR conditions were as above, but with 1 µM primers, a 1:30 extension step, and 0.1 ng of the relevant insertion construct used as template. PCR products were purified using the Qiagen PCR purification kit.
These dual-biotinylated dsDNA constructs were used to generate ssDNA via a biotin capture protocol. In this method, the dual-biotinylated DNA strand is bound by streptavidin-coated magnetic beads. Next, the dsDNA is chemically melted, allowing the non-biotinylated strand to be collected from the supernatant, while the biotinylated strand is retained by the beads.
Invitrogen DynaBeads® MyOne™ Streptavidin C1 beads were washed twice with 2x Bind and Wash buffer (10 mM Tris, 1 mM EDTA, 2 M NaCl, pH 7.5), then incubated in one initial bead volume of 1x Bind and Wash buffer, with 5 µg of dual-biotinylated dsDNA for every 100 µL of beads. This was placed on a tube rotator at room temperature for 20 minutes, after which the beads were washed twice with 1x Bind and Wash buffer. Single-stranded DNA was then released via incubation with one initial bead volume of chilled 0.125 M NaOH. Beads were vortexed for 30 seconds, incubated for 30 seconds, then placed on a magnet so that the supernatant could be collected. This process was repeated, and then the NaOH supernatants were cleaned using the Qiagen PCR purification kit. The standard PCR purification protocol was used, neutralizing the solution with a 3 M solution of pH 5.0 NaOAc, and adding an additional rinse with Buffer PE. The purity of the resulting ssDNA was confirmed by PAGE. To this end, 10 ng of purified ssDNA was loaded onto a 6% TBE non-denaturing PAGE gel (Invitrogen) and post-stained with SYBR® Gold (Invitrogen).
A similar strategy was employed for creating the internally mismatched lacZ::kanR dsDNA cassette. Two dualbiotinylated dsDNA constructs were generated, each intended to give rise to one of the two strands of the final mismatched construct. These constructs were generated in an analogous manner to those described above, with mutations arising from the PCR primers as described in Table S1 . These dual-biotinylated dsDNA constructs were used to produce ssDNA in the same manner as above. The dual-biotin tags were arranged such that complementary strands were purified from the two constructs, so that they could be annealed together in order to form the dsDNA construct diagrammed in Figure 4 . Purified strands were annealed in equimolar amounts (25 nM) in 5 mM Tris, 0.25 M NaCl, pH 8.0. Samples were annealed by heating to 95 °C, and then cooling the samples in a thermocycler. The temperature was decreased by 1 °C every two minutes to a final temperature of 25 °C. The resulting annealed dsDNA was purified from a 1% agarose gel using the Qiagen gel extraction kit.
In order to generate phosphorothioated variants of the lacZ::kanR mismatched dsDNA construct, the two lacZ::kanR dsDNA constructs containing the designed mutations were each amplified as above, this time using phosphorothioated primers opposite the dual-biotinylated primers. The resulting dsDNA constructs were used to purify phosphorothioated strands of ssDNA as above. The phosphorothioated ssDNA and the previously produced unmodified ssDNA strands were then each used in annealing reactions, set up so as to generate all four combinations of dsDNA (as given in Figure 5 ). Annealing and purification was carried out as described above.
Analysis of mismatched dsDNA recombinants by MAMA PCR:
The mismatch amplification mutation assay (MAMA) PCR method was used to analyze the genotypes of mismatched lacZ::kanR dsDNA recombinants (Qiang et al. 2002) .
We used 2-bp mismatches in our mismatched lacZ::kanR cassette in order to increase the specificity of our MAMA primers and to decrease the chances of spontaneous point mutations confounding our results. We designed four primers for each mismatch locus ( Figure 4 ): a forward primer corresponding to the strand 1 allele, a forward primer corresponding to the strand 2 allele, a forward primer corresponding to the wild type allele, and a universal reverse primer. Primers were designed with the 2-bp mismatches at the 3' ends so that amplification would only occur when these two nucleotides matched the recombinant colony's genotype. The L1 amplicon was 799 bp, L2 was 591 bp, L3 was 372 bp, and L4 was 205 bp. Primers were designed with a target T m of 62 °C, and a gradient PCR (annealing temperature between 62 °C and 68 °C) determined that the optimal annealing temperature for maximum specificity and yield was 64° C. MAMA PCR reactions for loci 1&3 and loci 2&4 were each performed in a single mixture so as to minimize the number of necessary reactions. Each kanR colony was interrogated using 4 MAMA PCR reactions: strand 1 L1&L3, strand 1 L2&L4, strand 2 L1&L3, and strand 2 L2&L4. For convenience, both strand 1 reactions and both strand 2 reactions were pooled prior to agarose gel analysis. PCR template was prepared by growing a J. A. Mosberg et al. 4 SI monoclonal kanR colony to stationary phase and performing a 1/100 dilution of this culture into PCR-grade water. Our 20 µL MAMA PCR reactions consisted of 10 µL Qiagen multiplex PCR master mix, 5 µL PCR grade water, 4 µL primer mix (1 µM each), and 1 µL template. PCRs were heat activated at 95 °C for 15:00, and then cycled 27 times using a denaturation step of 94 °C for 0:30, an annealing step of 64 °C for 0:30, and an extension step of 72 °C for 1:20. After a final 5:00 extension step at 72 °C, PCRs were held at 4 °C until they were analyzed on a 1.5% agarose gel stained using ethidium bromide. Strand 1 reactions for a given recombinant were loaded adjacent to corresponding strand 2 reactions for easy visual comparison. All 48 recombinants from replicate 1 were screened using wild type MAMA PCR reactions, performed in an analogous manner as above. This experiment verified that all sites that were not detected as mutants were wild type alleles. The accuracy of the MAMA PCR method was also verified by Sanger sequencing all four mismatch loci in eight recombinant colonies.
FILE S2

Mistargeted Recombinants in ssDNA Recombination
A significant number of mistargeted recombinants (antibiotic-resistant colonies that retained LacZ function) were observed for both single-stranded lacZ::specR cassettes in the experiments tracking strand bias in ssDNA recombination (Table   S2 ). Such mistargeting also occurred with lacZ::specR dsDNA, but only rarely with the other lacZ-targeting cassettes. These recombinants likely arise when microhomology sequences within the specR gene anneal to regions of the E. coli chromosome other than lacZ. The observed strand bias for mistargeting may be due to differing secondary structure between the two strands.
Alternatively, a leading strand bias may be observed for mistargeting, since mistargeted annealing to regions on the lagging strand could outcompete correctly targeted annealing to the less accessible leading strand. Mistargeted (LacZ + ) colonies were not scored as recombinants, and do not affect the broader interpretation of our results. a Loci 1-4 are listed in order. "1" indicates inheritance from strand 1, "2" indicates inheritance from strand 2, and "WT" indicates no mutation (i.e. a wild type allele) b Grouped based on the manner of Exo processing that is implied, as detailed in Table 1. 
TABLE S1 Primer Sequences Used in this Study
